Epidemiology of acute kidney injury (AKI) is highly dependent on patient characteristics, context and geography. Considering the limited information in Latin America and the Caribbean, we performed a study with the aim to contribute to improve its better understanding.
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Introduction
Acute kidney injury (AKI) is a serious public health issue, which changed from the classical paradigm of a hospital-associated condition managed mainly by nephrologists and intensivists, to a broader and multidimensional condition in the context of an integrated health delivery system [1, 2] . Recognition of risk factors and causes of AKI is essential in the fight against this syndrome, whose varied epidemiological profile is highly dependent on patient characteristics and the setting in which occurs.
Available information on epidemiology and risk factors for AKI in Latin America is scarce. More studies designed to achieve a better understanding of the magnitude, specific risk factors, regional causes, clinical features, process of care, and outcomes of AKI are required [3, 4] Therefore, the AKI Committee of the Latin American Society of Nephrology and Hypertension (SLANH in Spanish) carried out an epidemiological study in Latin America and the Caribbean in order to assess the profile of the AKI according to the geographical distribution and its relationship with social, economic, sanitary, and cultural conditions.
Methods
This is an observational, prospective, longitudinal, multinational cohort study performed from November 1 st 2017 to July 31 2018. Invitation to participate in the study was made through the webpage of SLANH, personal email sent to members of RedIRA (Latin American AKI-Network) and call through local Societies of Nephrology. Participation in the study was voluntary, without any incentive or economic benefit for patients or investigators.
Inclusion criteria: all adult patients and children with confirmed AKI of any etiology diagnosed during the recruitment period.
Exclusion criteria: Patients with chronic kidney disease (CKD) stage 5, patients on chronic dialysis or living with functioning transplanted kidney.
Bioethical considerations: the study protocol was approved by the Ethics Committee of the Hospital de Clínicas, School of Medicine, Universidad de la República, Uruguay (contact Dr. Leticia Cuñetti, lcunetti@gmail.com), and all participants obtained the approval of a local Ethics Committee. The informed consent was considered not mandatory by the reference Ethics Committee given the observational characteristic of the study. However, an informed consent form was available if required by the local Ethics Committee. Study protocol and forms are provided financial support for the design and maintenance of the platform during the recruitment period, as well as for the publishing fees. The funder had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
available on the study's website (http://estudioira.slanh.net). Data were entered online by the participants in a platform specifically designed for this purpose. Confidentiality of information was appropriately protected by de-identification of data. Once the patient was included in the platform by the participant (the only one aware of patient's identity), the system assigned randomly a number that identified hereafter the case. Participants had access to the information of their own patients solely through that number.
Definitions
Modified KDIGO creatinine-based AKI criteria [5] were used for the diagnosis and staging of AKI, specifically increase or decrease in serum creatinine (SCr) � 0.3 mg/dl within 48 hours, or increase or decrease in SCr � 50% with respect to the first available SCr (reference SCr) or the known baseline value within the seven prior days. Renal recovery was considered complete when SCr returned to baseline or reference value or lower, and partial recovery when SCr decline was �0.3 mg/dL but did not reach the baseline or reference SCr. Non-recovery was established when SCr did not decrease or the patient remained on dialysis. AKI was considered as community-acquired (CA-AKI) when patient had an elevated SCr within the first 24 hours of admission and hospital-acquired (HA-AKI) when AKI developed during hospital stay. Acute kidney disease as cause of AKI include glomerular disease, vascular disease, interstitial disease and intrarenal obstruction.
Collected variables
Data were obtained from the clinical record of patients. Variables included country and city of residence, demographics, socioeconomic condition (housing, availability of drinking water, sanitation, and electricity), accessibility to sanitary system, risk factors and etiology of AKI, hospitalization setting, process of care, kidney replacement therapy, in-hospital complications, discharge condition, and mortality and renal function at 90 days after discharge at outpatient consultation. Serum Cr was requested at five points of the disease course: 1) initial reference value, corresponding to the first available data; 2) level at the time of diagnosis of AKI; 3) maximum level (peak) observed during hospitalization; 4) level prior to the first dialysis in treated patients; and 5) level at discharge in survivors.
Statistical analysis
Dimensional variables are presented as mean ± standard deviation (SD) or median and interquartile range (IQR) according to their distribution, and the categorical variables as number and proportions. Kolmogorov-Smirnov test was used to explore the data distribution. For the bivariate comparisons between groups, the Chi square test was used for categorical variables and the Student t test for quantitative variables. Odds ratio and 95% Confidence Interval (CI) were also calculated. Statistical tests were two-sided and significance was considered with a probability of null hypothesis �5%. A multiple logistic regression model was performed to predict mortality using the forward conditional elimination method. The probability for entering the model was set at 0.10 and for elimination at 0.20. Variables that reached a significance <0.10 in the univariate analysis were included. The same procedure was used to characterize the profile of patients with and without consultation with nephrologist. The statistical package IBM SPSS Statistics Base version 22 NY, USA, was used for data processing and for statistical analysis.
Results

Study participants
Fifty-seven physicians coming from 15 countries involving 41 cities participated in the study (Fig 1. Participants per country) . Thirty-four (60%) were working in public institutions at the time of the study, 11 (19%) in private institutions and 11 (19%) in university hospitals. Fortyfour out of 57 participants (77%) were nephrologists.
Patients
Demographic characteristics. Nine-hundred and five patients were included in the study. Median age was 64 (50-74) years. Only 21 patients were under 18 years of age. Body mass index (BMI) was 25.8 (22.8-28.6) . Five-hundred-fifty patients were male (61%). Distribution of patients by country is depicted in Fig 2. The predominant ethnical groups were Mestizo (379, 42%) and Caucasian (335, 37%) (see Fig 3) .
Socioeconomic characteristics. The majority of patients (739, 81%) lived in bricked or similar houses, 630 (70%) of which with solid roof. Drinking water was available for 828 patients (91%) and through pipelines for 768 of them (85%). Sewage system was available for 815 individuals (90%). In-house bathroom was present in the houses of 807 patients (90%). The majority of the patients had electricity at home (836, 92%).
Characteristics of health coverage, accessibility and first consultation. Most of patients had health coverage provided by the state (556, 61%), 126 (14%) had prepaid system, 122 (13%) had coverage by private health insurance and 47 (5%) had no coverage at all (for 54 patients the information was not available). Accessibility was explored through the way of transportation to the healthcare center. Only 4% did it on foot, bicycle or horse, the remaining patients by public or own motorized vehicle. An approach to epidemiology of AKI in Latin America PLOS ONE | https://doi.org/10.1371/journal.pone.0224655 November 14, 2019 Acute kidney injury. Community-acquired AKI (CA-AKI) occurred in 514 cases (62%) and hospital-acquired AKI (HA-AKI) in the remaining 313 patients (38%). In 80 cases, this data was non-available. In patients with CA-AKI, the time between the onset of the disease and the consultation was median (IQR) 4 days (2-8) with 75 th percentile greater than 8 days. In 730 patients (81%), one or more inherent risk factors were reported as shown in Fig 4. The etiological risk factors of AKI are shown in Fig 5 . Table 1 depicts the comparison of different variables of CA-AKI vs. in HA-AKI. Only variables with significant difference are shown.
The majority of patients were hospitalized in the wards (439, 48%), 254 (28%) in the intensive care unit (ICU) and 108 (12%) in the emergency room. Eighteen patients (2%) were attended in an outpatient health center. No information was provided in 88 cases. Values of reference SCr, SCr at diagnosis, peak SCr, pre-dialysis SCr and SCr at discharge in survivors were median (IQR) 1.50 (0.99-2.80), 2.40 (1.55-3.80), 3.00 (1.81-4.70), 4.30 (2.80-6.90 ), 1.30 (1.00-2.17) mg//dL, respectively.
The most common hospital complication was infection (437, 52%), with lung (44%), kidney / urinary (24%) and abdomen (16%) as the main frequent sites of infection. Sepsis was observed in 115/885 cases (13%) and organ dysfunctions other than AKI were hemodynamic (90%), respiratory (57%), neurological (35%) and hematological (24%). Fluid overload was reported in 41 patients (4%) and 26 patients (3%) had to undergo surgery due to complications. Nephrology consultation occurred in 633 of 871 patients (73%). Table 2 shows the profile of patients according to consultation with nephrologist.
Therapy in the general population included intravenous fluids in 88% of patients, antimicrobials in 76%, diuretics in 50%, vasoactive drugs in 34% and enteral or parenteral nutritional support in 36%. Kidney replacement therapy was performed in 242 patients out of 832 (29%) with available data. The most common procedure was intermittent hemodialysis (68%), followed by prolonged intermittent renal replacement therapy (22%), continuous renal An approach to epidemiology of AKI in Latin America CA-AKI = community-acquired acute kidney injury; HA-AKI = hospital-acquired acute kidney injury; AKD = Acute Kidney disease (glomerular, vascular, interstitial disease), NSAID = non-steroid antiinflamatory agents; ACEI = angiotensin converting enzyme inhibitors.
https://doi.org/10.1371/journal.pone.0224655.t001
An approach to epidemiology of AKI in Latin America replacement therapy (10%), slow continuous ultrafiltration (8%), and peritoneal dialysis (5%). Several patients received more than one procedure. Reasons for initiation of KRT were electrolyte and / or acid base disturbances (70%), fluid overload (54%) and solute control (48%). Fifty-seven patients did not receive KRT despite being indicated; causes for not initiating KRT were death before implementing therapy in 29 (51%), futility in 20 (35%), refused by the patient or relatives due to cultural or religious reasons in 18 (32%) and lack of financial resources in the remaining 5 patients (9%). In 8 patients, 2 or more causes for not initiating KRT were reported. Mechanical ventilation over 24 hours was implemented in 221 patients out of 747 with data (30%). Outcomes. Crude mortality rate of the series was 26% (209 cases). Twenty-three patients were transferred to another hospital, and information of the outcome was not provided in 93 cases. The most frequent causes of death were infection (43%), shock (25%), cardiovascular disease (13%), and malignant disease (4%). Table 3 shows the comparison of sociodemographic and clinical variables between survivors and non-survivors, and Table 4 shows the results of multivariate analysis, with variables independently associated to mortality.
Data of 90-days follow-up was provided for 413 patients but the information was not complete in all cases. Eighty-eight out of 366 patients with information on vital condition were dead (24%). Renal function was reported in 253 patients: complete recovery occurred in 127 (50%), partial recovery in 77 (30%) and non-recovery in 49 (19%). Eleven patients out of 325 were on dialysis (3.4%). Data on SCr at the end of follow-up was obtained in 235 cases, showing median (IQR) value of 1.20 mg/dL (0.90-1.75). A positive correlation of 90-days SCr was found with the reference, diagnosis, peak and discharge SCr values (S1a, S1b, S1c and S1d 
Discussion
There is paucity of data on epidemiology of AKI in Latin America. Some studies were performed in tertiary level hospitals from large cities [6, 7, 8] . Others have focused on specific conditions such as tropical disease, envenomation by snakebites, spiders, bees, and pregnancy complications [9] [10] [11] [12] . The SLANH-AKI Committee carried out a study focused on replacement therapy resources which described by the first time data on equipment and human resources devoted to KRT in the region but providing little information on patients [13] . Recently, Chavez-Iñiguez et al [14] published a systematic review including 61 studies from 10 countries (most of them from Brazil) with a total number of 10,670 patients. Although it is a valuable contribution to the knowledge of AKI in the region, representativeness of those results is questionable given the heterogeneity of the studies included. The Global Snapshot study of the ISN 0by25 initiative, planned to assess the diversity of AKI in different settings worldwide [15] , showed that only 15% of the 45 centers from Latin America came from low and lower-middle income countries, which together with the low number of cities under 100,000 inhabitants, entailed a sample bias, reflecting the difficulties to recruit patients from small cities and rural areas.
The relationship of AKI with socioeconomic and sanitary conditions is undeniable, however to date there are not accurate and reliable indicators to assess the effect of the aforementioned dimension on AKI profile. Available indicators such as Word Bank GNI classification, Human Development Index and Gini Index, have limitations since they do not reflect the heterogeneity of conditions within each country. For this reason, we collected information on housing, sanitation, drinking water and electricity for each patient, which are four of the six unsatisfied basic needs defined by the Economic Commission for Latin America and the Caribbean, UN, (CEPAL in Spanish) [16] . According to these indicators, less than 13% of patients were in poor housing conditions in contrast with the 21% reported by CEPAL [17] . This difference could be an indicator of limited access to medical care in the poor population but due to study design is a question that we are not able to answer and need further investigation.
Our population was elderly, with high burden of comorbidities and frequently critically ill. These features that mimic AKI from developed world, reflect a high proportion of patients coming from large urban tertiary hospitals, composing the "double epidemiological profile" of AKI in developing world. In this region coexists the typical young and previously healthy patient with AKI related to environmental and socioeconomically conditions, with the old and previously ill patient with AKI mostly acquired in the hospital [18] . In the majority of our cases, AKI was acquired in the community (62%) with late consultation entailing the loss of a window of opportunity for the prevention or mitigation of AKI. Prevalent etiological factors were dehydration, and drugs such as NSAID and ACEI, in contrast with HA-AKI which presented shock, infection, use of antibiotics and intravenous contrast agents as the main causes. Given that prevalent risk factors in CA-AKI are potentially reversible, prevention through education addressed to primary care health care workers and general public is an urgent task. An approach to epidemiology of AKI in Latin America
With this aim, the AKI-SLANH Committee carried out an educational strategy addressed to both nephrologists and primary care health workers [19] . Some aspects of the process of care should be mentioned. Patients were seen by nephrologists in 73% of cases. As expected, those with chronic kidney disease, nephropathy as cause of AKI, and HA-AKI were more frequently cared by these specialists. Also, this subset of patients was more prone to receive diuretics, vasopressors, nutritional support, mechanical ventilation and KRT, and had a higher in-hospital and 90-day mortality. According to these results, it is possible to speculate that nephrologist consultation was based rather on the severity of patient's condition than in a timely and scheduled participation.
Intermittent hemodialysis was the most used KRT, probably due to economical and organizational reasons. Surprisingly, peritoneal dialysis (PD) was underutilized despite its many advantages, including less infrastructure and training required, safety, low cost, better preservation of systemic and renal hemodynamics and lower inflammatory response [20, 21] . Our previous report on equipment and human resources in the region [13] described similar results.
Crude in-hospital mortality of our series was high (26%) and not much can be done to improve it since the associated risk factors are little modifiable (age, chronic hepatic disease, shock, sepsis, need of mechanical ventilation and KRT). A mortality rate of 24% at 90-days seems high raising the suspicion of a poor post-discharge care. Nevertheless, this result should be analyzed in light of the great variation reported in prior studies, ranging from 25.6% to 44.6% according the populations under study [22, 23, 24] . Beyond this, the most relevant feature is the high number of patient lost to follow up which denotes the lack of an organized health system ensuring the continuity of the process of care. Finally, regarding renal function at 90-days follow-up, 18.8% of our patients had no recovery, which was associated only to SCr level at the four time-points of the disease course.
Our study has limitations. First, participation was on voluntary basis by open invitation via SLANH which limits the access to the universe of potential patients to by studied. Nevertheless, the number of participants coming from 15 of the 21 countries members of SLANH could be acceptable considering the lower representativeness of previous studies. Second, our results describe the characteristic of a biased sample of cases of AKI in Latin America rather than the epidemiology of AKI in our region; therefore, it cannot be directly extrapolated to other populations. Third, follow-up time was short which limits the information of long-term consequences of AKI. The main strength of our study is that demonstrated the feasibility of studies collecting large amount of information in order to improve the knowledge of the epidemiology of AKI, much of which has not been reported previously in the region and other disadvantaged populations.
In conclusion, our study provides some information that contributes to a better knowledge of AKI in Latin America and the Caribbean. In brief, AKI occurred mainly in the community, in patients with comorbidities and linked to fluid loss and nephrotoxic drugs. Mortality was high, and long-term follow-up poor. Of note, traditional causes of AKI in low-income countries were not prevalent. The paucity of information on the epidemiology of AKI in disadvantaged countries and particularly in Latin America jeopardizes the capacity to struggle against this multidimensional and devastating condition properly characterized as a "human right case" by the ISN 0by25 Initiative. There is an urge to undertake a global strategy involving scientific organizations, international health care agencies and organizations, governments and ministries of health, in order to face this challenge. We hope that our study encourage other colleagues, particularly those involved in the primary care of patients, to pursue in this line of work.
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